After a short account of the model approach to the coordination chemistry of Vitamin B 12 • previous evidence concerning the influence of organic groups as axial ligands on ground state properties and reactivity of several series of cobalt chelates with tetradentate equatorial macrocycles is summarized. The recent results dealing with the influence of the nature of the equatorial chelating agent on ground state properties of the molecule and on coordination chemistry and reactivity at the axial positions are compared. All properties dependent on the macrocyclic ligand show a consistent trend which can be interpreted in terms of the electron affinity of the particle mainly influencing the equilibria involving the cobalt-axial Iigand bond, as well as the reaction mechanism at the cobalt-carbon bond.
The interest in the chemistry of cobalt chelates, from which stable crcobalt-carbon bonds can be produced, was at tirst mainly due to striking analogies with Vitamin B 12 group complexes where organic groups are directly bonded to the meta] atom 1 . Compounds containing conjugated systems which act as bisbidentate or tetradentate chelating agents lying in the equatorial plane of square pyramidal or octahedral structures were thus proposed as models for the naturally occurring complexes of the corrin ring
The relevant properties induced by the conjugate chelating systemarenot limited to the stability of the cobalt-carbon bond in a formally Com-d 6 low spin complex but also include, for example, the reversible formation of oxygen adducts from Con-d 7 paramagnetic complexes4-8 and the relative stability of the Co 1 -d 8 oxidation state. A variety of surprising new reactions which are still being currently reported stimulated studies directed to the understanding of the mechanistic concepts underlying this versatile and unusual chemical behaviour. This aim was pursued through the study of the coordination chemistry of the transition metal atom in these chelates. The effect of the axial Iigand has already been discussed in a series of derivatives with a single equatorial Iigand including the Vitamin B 12 group complexes 9 and bisdimethylglyoximates 1 • 10 -14 . We prepared a number of complexes with ditTerent tetradentate ligands, all of which induce the same type of Some of the reactions gtvmg organametallic derivatives, stabilized by chelating dianions, are reported on Figure 2 15 -26 . Organametallic derivatives can be prepared from potential carbanions as in the Grignard reaction from Co 111 chelates, or by disproportion or homolytic reaction from Con chelates, or by oxidative addition to Co 1 chelates. lt now seems appropriate to briefly summarize previous evidence concerning the intluence of the organic group as axialligand, on the ground state properties and on the reactivity of the present chelates, and then to consider recent studies on the intluence of the equatorialligand. We shall also report on electrochemical investigations giving insight into thermodynamic quantities related to the change of the number of electrons and on the nature of intermediates and products of the redox reaction. Weshall concJude with some considerations of the role of the equatorial ligand in determining the reaction mechanism at the cobalt-carbon bond. From a consideration of the structural features resulting from several x-ray diflraction determinations we can observe that changes of the nature of axial ligands do not seem to produce noticeable effects on the interatomic distances in the chelating rings 27 • What is even more interesting is that changes in the formal oxidation state of the cobalt atom~ as in organametallic derivatives [RCom chel]~ as compared with tetracoordinated Figure 3 ). Cis and trans intluence could be proved in principle from bond stretching force constants within the equatorial plane or in the trans axial Iigand. Thus, in the series of cyano-corrinoids and pentacyano-organo cobaltate( I I I) the trans influence of alkyl groups was pointed out previously using the CN stretching frequency as a probe and showing that it is sensitive to changes in the nature of the trans organic group 30 • 31 . On changing from anions such as 0 H-( v cN = 2 130 cm- The intluence of the organic group as a ligand was r~cently pointed out in the kinetic trans effect 39 -41 : in a series of organametallic derivatives of the (DO) (DOH)pn ligand the dissociation rate in the lim SNl process increases with increasing donor power of the organic group, C 6 H 5 < CH 3 Table 4 ).
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TRANSMISSION OF ELECTRONIC EFFECTS
All the data regarding the intluence of the axial ligand upon the ground state properties in these complexes led to the conclusion that the charge donation to the meta] atom is efficiently transmitted to other ligands either equatorial or trans axial 42 . In so far as chemical shifts represent changes in electron density, the 1 H n.m.r. results were interpreted assuming that the greater the charge donation to the metal the greater the electron density on protons in the equatorial plane andin the trans ligand.
The changes of group stretching frequencies within the axial ligand were also interpreted as an indirect consequence of the transmission of the electronic effects from one axialligand to the other through the cobalt atom. The same assumption is in complete agreement with the experimental data on thermodynamic and kinetic aspects of coordination chemistry of the chelates.
The stabilization of a lower coordination number and the existence of tive-coordinated species was thus attributed to the labilizing trans intluence of one axial ligand due to increased negative charge density on the meta] atom. This is in fact consistent with the lower interaction between the cobalt atom and the axial ligands in the Con complexes. In organometa11ic derivatives the organic group can be formally considered, from the point of view of the coordination chemist, as a carbanion coordinated to the cobalt atom in the com oxidation state. From experimental data on cis and trans intluence it is apparent that the organic group is a very strong donor as compared with most of the conventionalligands. lt was pointed out that as a consequence of the transmission of charge to the meta], the actual electronic charge could be closer to that of a lower oxidation state and the metalcarbon bond could thus be represented by the resonance forms CH~-com; CH 3 -Co 11 ; eH; -Co 142 . To what extent can the relative weight of these resonance forms be altered? In other words, how can the nature of the equatorial ligand or that of the organic group itself determine the ground state charge distribution within the cobalt-carbon bond? How far is the reactivity at the cobalt-carbon bond affected? Useful information about tliese problems can be obtained by studying the thermodynamic aspects and chemical consequences of the transfer of one electron to the particle. This change in the total electronic charge concerns mainly the cobalt-carbon bond properties. We shall thus start considering in the next section the intluence of axialligands on the redox potentials.
THE INFl.UENCE OF AXIAL LIGANDS ON REDOX POTENTIALS
The cobalt chelates with conjugated chelating systems can be shown to 340 For the complexes with chelating dianions the reduction schemes are:
The electron transfers (1) can be followed by chemical reactions invo1ving release or exchange of Lewis base L 45 and the electron transters (2) can be followed by chemical reactions involving both the organic group R and L 46 • 47 . The same scheme is valid for complexes with (DO) (DOH)pn monoarrionie ligand.
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Figure 4
By cantrast with the conventional cobaltammines almost all of the chelates examined are characterized by fast electron exchange processes at the dropping mercury or platinum electrode 48 . The primary electrode reaction products are often unstable but under suitable conditions the chemical reactions following the electron transfer are slow enough to be studied separately from the electron transfer process. The half-wave potentials (E_!_) of the waves obtained under well-controlled conditions thus provide therm~ dynamic information related to the change in oxidation state of the particle 49 . When the protonation constants of the axial ligands (either the Lewis bases or the carbanions R -) are plotted against the half-wave potential due to the first reduction step Co 111 _!_Con (E~) strikingly linear free energy relationships are obtained (Figure 4) . lt is interesting to note that the slopes of the straight lines for [R-Co(chel)L] 0 and for some ofthe corresponding R-Hg subvalent species are very similar ( Figure 5) . 341 The half-wave potentials for the organocobalt chelates are more cathodic than the corresponding non-organametallic chelates but much less cathodic than those of the corresponding R-Hg organometallics. So the range of the E~ lies between that of R-Hg and that of [Co(chel)L 2 ] +.
Owing to small n-bonding and polarization interaction and very low metal-carbon dissociation energies it was suggested that the half-wave potential for the reduction of the organomercury subvalent species R-Hg retlects essentially the stability of the corresponding carbanion 50 . However, in the case of the organocobalt chelates the electron atlinity of the cobalt chelate drastically decreases owing to the strong charge donation from the organic group.
A linear free energy relationship between donor power of the organic group and half-wave potential of the tirst reduction step was observed not only for the complexes of the chelating dianions but also for the derivatives of (DO) (DOH)pn (Figure 6 ). The products of the one electron reduction of the organametallic chelates · are generally labile. The fate of the reduction product (which is a monoanion
depends on the nature of both the equatorial and the axialligands. The most important process is the reductive cleavage of the cobalt-carbon bond.
In the case of alkylderivatives of salen the reduction product is decomposed in DMF while the corresponding phenyl derivatives are more stable: chelates. This is in agreement with higher lability of the formal carbanion coordinated to the cobalt in a lower oxidation state. These results can be used to obtain two types of information: the first consists of the quantitative evaluation of the effects of charge donation from the axial ligand on the increase in energy of the molecular orbital accepting the electron, and the second concerns the reactivity of the cobalt-carbon bond in the product of the electron transfer. This process can be proposed as a model for the reductive cleavage reaction.
We shall now turn to the other aspect of the problern of the intluence of the ligands, that is the effect of the equatorial ligand on the properties of the cobalt-carbon bond.
GROUND STATE, THERMODYNAMIC AND KINETIC CIS EFFECT OF THE EQUATORIAL LIGAND The mostrelevant aspects of the chemical behaviour of the chelates we are discussing, either the com organametallic compounds, as weil as the con-02 adducts, or Co 1 derivatives, all reside in the versatile reactivity of the axial position. The characteristics of the corresponding coordination bond appear to be critically dependent on the nature of the chelating system ( Table 5 ). An examination of carbonyl stretc~hing frequencies shows the intluence of the equatorialligand on the ground state charge distribution in the axial organic ligand for a series of acetyl and methoxocarbonyl derivatives both in the five-coordinated and in the six-coordinated complexes 3 . The results are consistent with the assumption that the decrease of Ve=o in going from the (DO) (DOH)pn to bae ligands would ref1ect an increasing overall donor power of the equatorial ligand transmitted to the axial Iigand through the cobalt atom. These data can be compared with an intluence of a thermodynamic nature: that of different equatorial ligands on the pK's of the corresponding aquocomplexes. In agreement with the assumption of an overal1 charge donation from the equatorialligand, transmitted to the metaloxygen bond, the pK increases in the same order as the carbonyl stretching freq uency decreases.
A cis labilizing effect of the equatorial Iigand was also inferred from the fact that the five-coordinated organametallic Com complexes are obtained more easily with the bae, which gives otl' the coordinated waterat 80°C, than 45 in agreement with the general trend of the labilization of the axial ligand.
It is interesting to observe that no evidence is available for equilibria involving the cobalt-carbon bond as influenced by the equatorial ligand.
As far as the kinetic cis etl'ect is concerned, striking differences were found to exist between corrinoids and other conventional cobalt complexes. Ligand substitutions are slow in pentacyano and pentammino-complexes by cantrast with the extremely rapid reactions generally found in cobalamines 52 . Very fast reactions appear to take place also in salen and bae derivatives.
THE INFLUENCE OF EQUATORIAL LIGANDS ON REDOX POTENTIALS
The etlect of an equatorial ligand can be clearly shown in the half-wave potentials of the Com-corr and Con-Co 1 redox processes. The half-wave Methylcobalamine (E~ = -1.49; E~ = -2.01) fits well into the series of our chelates. lgnoring the small ditlerence between the methyl and ethyl radical, the half-wave potentials for methylcobalamine suggest that the corrin ring induces an electron affinity value intermediate between that caused by the salen or saloph dianions and that of (DO) (DOH)pn monoanion.
OXIDATION PROCESSES
Oxidation processes such as
were revealed by anodic waves for organametallic derivatives only. Even in this case a reversible one electron transter could be observed under suitable experimental conditions. 346 (Table 6 ). Thi~ can b~ int~rpreted assuming that only the energies of the molecular orbitals involved are changed, going from one equatorial Iigand to another, while the character of the orbitals is not drastically changed.
ROLE OF THE EQUATORIAL LIGAND IN A REACTION MECHANISM INVOLVING RUPfURE AND FORMATION
OF THE COBALT-CARBON BOND Three basic mechanisms can be distinguished in principle as far as the electron density distribution within the Co-C bond in the transition state leading to cleavage is concerned: (a) the homolytic process yielding a Co We shall confine our attention to a reaction we recently reported which belongs to the third type, i.e. the transfer of the organic group from the cobalt atom of one chelate to that of another, both metal atoms remaining in the Coiii Oxidation state.
By reacting a methylcobalt chelate with a diaquo derivative having a different equatorial Iigand, the transfer of the methyl group takes place only when the chelating agent in the 'donor' complex precedes that of the 'acceptor' complex in a certain order 54 . The methyl group is thus transferred from the methylcobalt-bae to the diaquocobalt-salen or -saloph complexes following the reaction scheme (3)
The methyl-cobalt complex with any of the chelating dianions we are considering can transfer the methyl group to the diaquocobalt-(DO)(DOH)pn chelate as is shown in the reaction (4)
Furthermore, the aquocobalamine can act as acceptor towards the methy1-coba1t derivative of any of the chelating dianions but not towards that of the (DO) (DOH)pn complex.
Using the [Co{(DO) (DOH)pn}(H 2 0hF+ complex as the methyl acceptor we found that the rate of the reaction decreased on changing the chelating agent in the methyl donor in the order bae > salen > methylcoba1amine55. In this series of experiments we obtained the methyl transfer reaction from a model organocobalt complex to aquocobalamine and from methylcobalamine to another model compound.
The reactivity of the chelates as methyl donors can be strongly enhanced by the reduction of the cobalt atom to a lower oxidation state 47 . In fact the Co 1 --CH 3 complex of the bis(DO) (DOH)pn chelate which can be generated by electrochemical or by chemical means behaves as a methyl donor towards the starting Com complex in the same reaction medium.
[CH 3 
The product of the two electron reduction or of two one electron steps and its reaction with the starting complex was studied in the case of [CH 3 -Co{(DO) (DOH)pn}H 2 0] + by cyclic voltaminetry. By this technique the disproportion of the one electron reduction product, i.e. a Coii derivative, was shown to yield the bis organametallic derivative 46 .
The [(CH 3 hCo{(DO)(DOH)pn}] 0 complex can act as a methyl group donor. In fact the dimethyl derivative is the best methyl donor of all the Com-CH 3 complexes so far examined. 3 Co{(DO) (DOH)pn}H 2 0] +. From this trend it can be concluded that the methyl donor power is determined both by the equatorial and the axial Iigand, i.e. it is sensitive to both the cis and trans effect.
The transfer of the methyl group from a Co 1 derivative to a Com complex, as weil as the increase of the methyl donor capability in the dimethyl derivative, strongly suggests that the reaction can be formally considered as the transfer of a coordinated carbanion in the same sense as in the Ag+ and Hg 2 + assisted substitution of organic groups in the Com corrinoids yielding the corresponding aquoderivatives 56 . The release of the organic group is apparently favoured by the increase of the electronic charge at the meta] atom both from the equatorial and by the trans axial ligand.
The strong intluence of the chelating agent in the donor complex rules out the dissociation of the acceptor aquocomplex as the rate determining step. The reaction probably takes place through a binuclear intermediate containing the organic group as a bridging Iigand and could thus be classitied as a SE2 electrophilic substitution at the carbon atom, as was recently proposed for the reaction of the organocobaloximes and cobalamines with mercuric acetate 57 .
The electronic effects on the equatorial plane can be so important that even a Co" complex can act as a methyl acceptor towards a com chelate in spite of the higher formal oxidation state of the Iatter. This is shown in the reaction between [CH 3 Co(bae)H 2 0] 0 and the [Con(ttbae)] 0 in which two methyl groups of the bae Iigand are replaced by tritluoromethyl groups in the (ttbae) Iigand. In this case it seems that an equilibrium is rapidly established 58 . On the other hand, it is worth noting the dramatic effect of the trans Iigand : by exchanging merely the trans axial Iigand from H 2 0 to a methyl group in the (DO) (DOH)pn chelates one goes from one end to the other of the series of methyl donor complexes so far examined.
The evidence so far collected gives no information about steric effects. They are probably operative with more bulky organic groups and may be related to the possible displacement of the metal atom from the plane of the tetradentate Iigand.
Let us now try to accommodate the experimental evidence about the intluence of ligands on physico-chemical properties and on the trend of the reactivity, in a simple bonding scheme which is also relevant to the reaction mechanism involving the cobalt-carbon bond cleavage.
The well-known assumption that the rc-electron delocalization is not confined within the equatorial Iigand but involves also the metal d-orbitals is in keeping with the tendency towards planarity in the conjugate equatorial Iigand in the tetra-coordinate complexes and with the values of coordination bond lengths in the equatorial plane. These bond lengths are particularly low compared to those in complexes having ligands where no conjugation occurs
•
The fast electron exchange leading to reversible polarographic processes is also attributed to the lowering of the free energy differences which arise from the differences in the enthalpy and entropy of the Com and Co 0 complexes. Thus it can be assumed that the electron affinity of the particle mainly represents the electron affinity of the molecular orbital accepting the electron. On the other hand, the parallel trend of the half-wave potentials suggests that the character of this orbital is not. drastically altered by the change of the equatorial Iigand, even when its energy is strongly intluenced. The most important etfects so far considered, such as the labilization of the ligands; the lowering of the preferred coordination number; the mechanism of cleavage and the formation of the cobalt-carbon bond, concem the properties at the axial position. The axial bonds can now be discussed in a rough approximation by examining a simplified bonding scheme which involves one electron in each of the dzz orbitals; one electron in the carbon orbital of the metal-carbon bond and the two electrons of the Lewis base lone pair in the coordination bond, in the trans position to the organic group. The electron transfer to the Com complexes implies that the lowest antibonding orbital is mainly formed from the dz 2 and carbon orbital. 349
As the donor power of the ligand R increases, the character of the antibonding orbital becomes increasingly that of the carbon orbital (its energy increases and the electron affinity decreases). In the case ofvery strong donors, however, the lowest untilled orbital may become dxy in character (as was shown from semi-empirical calculation for bisdimethylglyoximates) ( Table 7) The transmission of the electronic effects and the labilization due to a strong cr-donor such as the organic group could also be. discussed in terms of this extremely simplified bonding scheme. The bonding M.O. involved in the Co---C bond should become more dz2 in character with increasing energy of the carbon orbital. At the sametime the trans axialligand bond is labilized and the orbital involved in this bonding should become increasingly ligand in character.
How is the intluence of the equatorialligand explained? The main factor is probably again the etiect on the dz2 orbital energy. The principal consequence is of course the possibility of formation of a stable organametallic bond. In going from the chelates of (DO) (DOH)pn ligand to salen and bae derivatives the metal-carbon bondingorbital is stabilized while the electron affinity of the antibonding orbital is decreased, as is shown by the trend of half-wave potentials (Table 8 ). In the same order the trans Lewis base is increasingly labilized. In keeping with the concept of transmission of electronic effects, we may assume that the donor power of the equatorialligand increases in the same order, i.e. from the (DO) (DOH)pn to bae. We have seen that both the labilization of the axial Iigand by the trans organic group and the intluence of the equatorial Iigand on the axial coordination bonds are related to the half-wave potential corresponding to the electron transfer. The trend of the chemical reactivity at the axial position can also be included in this pattern.
It was pointed out previously that the nucleophilicity of the Co 1 derivatives in the oxidative-addition reaction, including the formation of the cobaltcarbon bond from organic halides, is precisely retlected by the half-wave potential for the reduction from Corr to Co 1 oxidation state
• The trend of increasing methyl donor power of the methylcobalt derivatives is assumed to be parallel to the trend of increasing negative charge on the 350 cobalt atom. It is in fact retlected by the increasing cathodic value of the half-wave potential for the reduction from Co" to Cd oxidation state. The opposite trend seems to be shown by the methyl acceptor power which increases with increasing electrophilic character of the cobalt atom~ i.e. going from bae to bisdiacetylmonoxime derivatives. On the other hand, the (parallel) trend of oxidation potentials~ i.e. the trend of decreasing energy required to withdraw one electron from the particle, could be expected to retlect the tendency to nucleophilic reaction at the carbon atom.
The wide range of redox potentials spanned by the chelated under the intluence of the different ligands is worth emphasizing. This of course shows how drastically the electron atrinity of the particle can be atl'ected. If these electron aftinity changes retlect the changes in effective charge on the cobalt atom~ then even the charge distribution within the cobalt-carbon bond should be affected and the reaction mechanism at the cobalt-carbon bond may vary between the extremes of an electrophilic and nucleophilic reaction at the carbon atom~ including of course the case of an homolytic mechanism. This approach may be useful in the understanding of the chemistry of the Vitamin B 12 coenzymes containing the cobalt-carbon bond.
